Introduction {#s1}
============

Currently, there are 2,654 mature microRNAs (miRNAs) in the human genome ([mirbase.org](http://mirbase.org/), release 22.1) ([@B1]). Mature miRNAs are small (∼19--23 nucleotides) noncoding RNAs involved in posttranscriptional gene regulation, fundamentally required to specify cell identity and to adjust cell function. Therefore, perturbed miRNA expression is often associated with development of human diseases ([@B2]), including type 2 diabetes (T2D) and associated complications.

Canonical miRNAs may be encoded as individual genes (monocistronic), as gene clusters (polycistronic), or within introns of a host gene and are transcribed by RNA polymerase II to form primary miRNAs (see top of [Fig. 1](#F1){ref-type="fig"}). These are processed by the microprocessor complex containing Drosha and DGCR8 to cleave the primary miRNAs into hairpin-structured pre-miRNAs ([@B3]). Once exported into the cytosol by Exportin 5, the RNase III-type enzyme Dicer produces double-stranded miRNAs that are handed over to Argonaute (AGO), which selects one strand to become the mature miRNA. AGO together with the mature miRNA forms the RNA-induced silencing complex (RISC). Generally, nucleotides at positions 2--7 of the miRNAs known as the seed region pair with target mRNA, most commonly in the 3′ untranslated region (UTR). This causes posttranscriptional repression through mRNA cleavage, translational repression, and/or mRNA destabilization. Although the majority of the miRNA binding sites occur in the 3′ UTR, recent studies using CLIP-based techniques show miRNA target sites also present in protein-coding sequences (CDSs) ([@B4]), which opens new possibilities for miRNA regulation.

![Summary of future challenges and opportunities in islet miRNA research. The diagram illustrates miRNA biogenesis from gene to the mature form, the miRNA--mRNA interaction network, and the processes influenced by miRNAs in the β-cell (β-cell identity, β-cell proliferation/apoptosis, and β-cell physiology). For each field of these biological processes involving miRNAs, we have added the four areas of challenges and opportunities discussed in the text. pri-miRNA, primary miRNA.](dbi190016f1){#F1}

The pairing of miRNAs to their target mRNA is central to the function of miRNAs. Due to the short seed region, one miRNA can have hundreds of different targets. On the other hand, one target can be influenced by several miRNAs. Although miRNAs themselves are highly conserved among species, their targets can vary. Considering this, it is important to discuss the concepts of miRNA cluster and miRNA family. A miRNA cluster refers to a group of miRNAs transcribed from the same gene cluster, whereas miRNAs belonging to the same family share the same seed sequence and hence also share the same targets but do not necessarily need to be transcribed from the same genomic location ([@B3]). Examples of a miRNA family abundant in the pancreatic islet cells are the miR-200 family (miR-200a, miR-200b, and miR-429 on chromosome 1 and miR-200c and miR-141 on chromosome 12) ([@B5]). Several computational target prediction tools are available primarily based on seed sequence complementarity and RNA folding energy minimization ([@B6]). However, a remaining challenge with genome-wide miRNA target searches is to minimize false-positive predictions.

The pancreas contains ∼1 million islets of Langerhans spread throughout the organ. Although the total islet mass only constitutes 1--2% of the whole pancreas, the islets are central for our survival, as they control blood glucose homeostasis. The main cell types within the pancreatic islets are the insulin-secreting β-cells and glucagon-secreting α-cells. A contributing factor in diabetes pathogenesis is when the balance between insulin secretion during hyperglycemia and glucagon secretion during hypoglycemia is disturbed. The role of the pancreatic β-cell in diabetes development has been questioned, but recent studies support the view that classical T2D is a combination of increased insulin resistance in target tissues and impaired β-cell compensation ([@B7]). This was reinforced by the new classification derived from analyses of a large Swedish cohort (*n* = 8,980; All New Diabetics In Scania \[ANDIS\] cohort) comprising newly diagnosed diabetes patients ([@B8]). A major finding is that the patients may be classified into five distinct subgroups, wherein among the nonautoimmune diabetes, 80% exhibit reduced insulin secretion capacity. Again, this supports the idea that impaired β-cell function not only contributes to the progression of the disease but is the primary driver of T2D.

It has been 15 years since the work on the first islet-abundant miRNA, miR-375, was published ([@B9]). Today we know that miR-375 has multiple functions in the islet β-cell including roles in development, proliferation, and secretion ([@B9]--[@B12]). In addition, many other miRNAs have been demonstrated to have central roles in the pancreatic β-cells ([@B13],[@B14]). Thus, it is not surprising that several miRNAs are differentially expressed in islets from human T2D donors ([@B15]--[@B17]) and in diabetic animal models ([@B18],[@B19]). Levels of miRNAs can be regulated by metabolic substrates that are increased in the blood prior to diabetes development, such as glucose and fatty acids ([@B20]). Moreover, miRNAs have the ability to act as rheostats, changing expression of the target genes to an optimal level ([@B21]). Hence, miRNAs are ideal to be part of β-cell adjustments to compensate for an increased demand to secrete more insulin. Indeed, many described differentially expressed islet miRNAs in diabetes have this role. Moreover, changes in the expression of other miRNAs before or during diabetes development are caused by genetic and/or regulatory defects of the miRNA expression leading to the inability of β-cells to secrete enough insulin.

In this Perspective we will first focus on the current views on how miRNAs are involved in the regulation of insulin secretion and development of T2D. Then we will try to summarize future challenges and opportunities in islet miRNA research.

Importance of miRNAs in the Pancreatic β-Cells {#s2}
==============================================

The significance of miRNAs in the development and function of pancreatic β-cells has been shown by studying β-cell--specific Dicer1 knockout mice. Several different models of β-cell--specific Dicer1 knockout mice have been generated, and they all provide different clues how miRNAs collectively operate in the β-cell ([Table 1](#T1){ref-type="table"}). Knockout of Dicer1 during early development reduces β-cell mass ([@B22]), whereas knockout in adulthood results in functional defects ([@B23],[@B24]). When Dicer1 was deleted under the Ins1 promotor, the mice developed full-blown diabetes ([@B25]). The contribution of miRNAs in specifying cellular identity is clearly exemplified in the β-cell where miRNAs can repress the expression of "disallowed" genes. This was demonstrated in a study using tamoxifen-induced deletion of Dicer1 under the Pdx1 promotor ([@B24]). Together, these studies show the importance of miRNAs in multiple processes from development, cell fate, proliferation, and maintenance to insulin production and secretion.

###### 

Summary of different mouse models used to delete Dicer1 and their phenotypes

  Dicer knockout model                                                            Phenotype                                  Reference
  ------------------------------------------------------------------------------- ------------------------------------------ ----------------------------------
  *Pdx-Cre Dicer1*^*flox/flox*^                                                   Reduced β-cell mass                        Lynn et al. ([@B22])
  *RIP-Cre Dicer1*^*flox/flox*^                                                   Reduced β-cell mass                        Kalis et al. ([@B25])
  Reduced insulin content                                                                                                    
  Reduced number of insulin granules                                                                                         
  Reduced β-cell function                                                                                                    
  RIP‐CreER Dicer1^LoxP/LoxP^ (tamoxifen injected in 1- to 5-month-old animals)   Reduced insulin content                    Melkman-Zehavi et al. ([@B23])
  Reduced β-cell function                                                                                                    
  PdxCreER:Dicer^lox/lox^ (tamoxifen injected in 7- to 8-week-old animals)        Reduced expression of "disallowed genes"   Martinez-Sanchez et al. ([@B24])
  Reduced β-cell function                                                                                                    
  Reduced insulin content                                                                                                    
  Reduced β-cell mass                                                                                                        

Global miRNA ablation upon deletion or knockdown of Dicer1 in β-cells unequivocally demonstrates that multiple pathways in β-cell biology are influenced by miRNAs. However, to obtain detailed information on specific miRNAs and their function in β-cells, the focus has been on single miRNAs or miRNA families and a few of their targets. The most abundant miRNA in the islet, miR-375, was also the first miRNA detected in pancreatic islet ([@B9]). In this pioneering study, overexpression of miR-375 resulted in reduced exocytosis and thereby reduced insulin secretion. Later miR-375 deletion resulted in a phenotype with reduced β-cell mass ([@B12]), whereas a mouse model with a mild overexpression had no obvious phenotype ([@B11]). Modulation of miR-375 in cell lines and primary rodent cells have suggested roles in proliferation, insulin biosynthesis, ion channel activity, and exocytosis ([@B10],[@B26],[@B27]). Also, human islet cells losing their identity could be recovered to a β-cell phenotype by addition of miR-375 ([@B28]). As previously hypothesized with regard to the fine-tuning function of miRNAs ([@B21]), miR-375 is a typical miRNA that needs to be expressed at optimal levels in the cell, i.e., too high or too low expression would be detrimental for cellular functions.

Other highly abundant miRNAs in islets are the members of the miR-29 family (miR-29a/b/c). These miRNAs are transcribed by two different miRNA clusters and contain a common seed sequence but can exhibit differential regulation and therefore do not always have the same function ([@B29]). The miR-29 family members have multiple functions in the β-cell, and downregulation increases expression of the disallowed monocarboxylate transporter gene *Mct1* ([@B30]), increases exocytosis through targeting *Onecut2* ([@B31]) and *Stx1* ([@B32]), and increases apoptosis by binding to *Mcl-1* mRNA ([@B31]).

The miR-7 and the miR-200 family are other examples of islet abundant miRNAs. miR-7 is highly conserved among species and is derived from three different precursors. β-cell--specific overexpression of miR-7a in mice results in reduced insulin secretion through targeting genes involved in vesicle fusion and SNARE activity such as *Snca*, *Cspa*, and *Cplx1* ([@B11]). The miR-200 family consists of five members, and β-cell--specific deletion in mice of either miR-200a/miR-200b/miR-429 or miR-200c/miR-141 shows that these miRNAs strongly regulate β-cell survival ([@B33]). Overexpression of miR-200 induces apoptosis and development of T2D in mice and vice versa: deletion of miR-200 protects the β-cells from apoptosis and ameliorates T2D.

The stimulus-secretion coupling, which describes how glucose uptake results in increased insulin secretion through increased metabolism, electrical activity, intracellular Ca^2+^ concentration, and exocytosis, is central in β-cell function ([@B34]). Previous reviews from our group have highlighted the importance of miRNAs in the different subprocesses involved in insulin secretion ([@B13]), while another review emphasized miRNA involvement in β-cell survival and β-cell development ([@B35]). In summary, we have good knowledge today of how single miRNAs and specific miRNA families impact the expression of specific genes in the β-cell and how this influences insulin secretion. Next, we need to get a grip on the complexity in which miRNAs influence β-cell function, and for that we need to investigate how groups of miRNAs can affect single and/or multiple biological pathway(s).

miRNAs in Islets of Healthy Subjects and Subjects With Diabetes {#s3}
===============================================================

Few studies have investigated global differential expression of miRNAs in human islets between donors without diabetes (ND) and donors with T2D ([@B16],[@B17]). In the work by Kameswaran et al. ([@B16]), high-throughput sequencing of small RNAs was performed on islets from relatively few individuals (3 ND and 4 T2D), with a follow-up by quantitative PCR of hits in a larger cohort (islets from ∼15 donors in each group or sorted α- or β-cells from 3--4 donors). The expression of 16 miRNAs was identified to be downregulated in T2D islets (of these, 7 were transcribed from the DLK1-MEG3 locus at chromosome 14q32, a known region for genomic imprinting) and was shown to be regulated by epigenetic changes. The majority of these miRNAs had higher expression in β-cells compared with α-cells. Target validation using AGO2 immunoprecipitation identified targets within pathways important for cell survival ([@B16]). In another study using global Taqman miRNA arrays, Locke et al. ([@B17]) found miR-187 expression to be differentially upregulated in human T2D islets (11 T2D vs. 9 ND), followed by a validation cohort of 10 in each group using individual Taqman miRNA quantitative PCR assays. This miRNA was also observed to be upregulated in the work by Kameswaran et al. ([@B16]). Interestingly, miR-187 expression correlated negatively with insulin secretion in human islets, and overexpression of miR-187 in rat islets resulted in reduction of insulin secretion ([@B17]).

Due to the scarcity of human islets for research, valuable information regarding differential expression of miRNAs in T2D islets was instead derived from rodent models. Zhao et al. ([@B19]) compared miRNA expression in islets from diabetes-resistant (B6) and diabetes-susceptible (BTBR) *ob/ob* mice and found enrichment not only of miR-375 but also of miR-127, miR-153, and the miR-200 family in islets compared with liver and adipose tissue. Interestingly, in human tissue, miR-375 and miR-127 were also shown to be more enriched in islets than in liver and muscle ([@B15]). Data from the B6 and BTBR mice also suggest that miR-184 expression in islets is suppressed by increased obesity, whereas miR-132/miR-212, miR-133a, miR-185, miR-152, miR-126-5p, and miR-34a/b increased in expression ([@B19]). Expression of miR-184 was later shown to be reduced in human islets from T2D donors, and miR-184 was suggested to be part of β-cell compensation during development of the disease ([@B36]).

In rats, a global miRNA expression analyses in the pancreatic islets of the T2D model Goto-Kakizaki (GK) rat showed predominantly upregulation of miRNAs in the GK islets compared with Wistar controls ([@B18]). Among the top upregulated miRNAs validated were miR-132/212, miR-142-3p/5p, miR-130a, miR-124, miR-335, miR-376a, miR-433, and miR-409-3p. Collectively, although these miRNAs predominantly influence the expression of genes involved in transport and secretory processes, many potential target genes are also present in a wide array of biological networks ([Fig. 2](#F2){ref-type="fig"}). Indeed, mechanistic studies on some of the upregulated GK miRNAs and their target genes revealed not only regulation of exocytotic genes, e.g., miR-335 targeting of *Snap25*, syntaxin-binding protein 1 (*Stxbp1*), and synaptotagmin 11 (*Syt11*) ([@B37]), but also regulation of genes involved in energy metabolism, e.g., regulation of pyruvate dehydrogenase E1 α (*Pdha1*) and glucokinase (*Gck*) by miR-130a/miR130b/miR-152 ([@B38]).

![The collective predicted mRNA targets of upregulated miRNAs in the GK islets were filtered to include only glucose-regulated genes and were subjected to GO enrichment analysis ([@B18]). The miRNA-mediated negative regulation of genes within each term is exemplified by the black "T" symbol. Among the genes within enriched GO terms, the majority belong to transport and secretory processes; the unique network (created in Cytoscape, version 3.7.2 \[[@B75]\]) in which the 10 miRNAs (yellow hubs) negatively regulate target genes (light blue nodes) is shown.](dbi190016f2){#F2}

Several studies have investigated differential expression in T2D for specific miRNAs ([@B17],[@B36],[@B39][@B40]). In some cases, it has been a follow-up from global profiling in islets from different diabetic animal models. miR-184 is one of the miRNAs downregulated in human T2D islets ([@B36]). A reduced expression of miR-184 in rodent models had impact on the expression of Ago2 and miR-375, which improved β-cell proliferation and increased insulin secretion. Thus, miR-184 is a typical example of a miRNA that participates in β-cell compensation during diabetes development. Of note, compensatory miRNAs seem to primarily impact β-cell proliferation and/or apoptosis ([@B20]). Expectedly, some of these compensatory miRNAs were first discovered in experiments investigating expansion of β-cell mass during pregnancy. One such example is miR-338. This miRNA was shown by Jacovetti et al. ([@B41]) to be downregulated during pregnancy. Moreover, inhibition of miR-338 increases proliferation and protects against β-cell apoptosis. Finally, the authors could show that this miRNA is reduced in high-fat diet--fed and *ob/ob* mice, clearly demonstrating a compensatory role in diabetes development. Interestingly, DLK1 is upregulated during pregnancy ([@B42]). The genetic region coding for DLK1 encodes many miRNAs, and the region is highly methylated in T2D islets. Also, as mentioned above, expression of miRNAs from this region is downregulated in T2D islets ([@B16]). Interestingly, experiments performed in mouse insulinoma βTC6 cells in which DNA methyltransferases in this region were activated resulted in increased methylation, reduced miRNA expression, and increased sensitivity to cytokine-induced β-cell death ([@B43]). Altogether, the DLK1-MEG3 region and the miRNAs involved have the capacity to promote β-cell expansion and protect against β-cell death prior to diabetes development; failure leads to full-blown diabetes. To this group of compensatory miRNAs also belong miR-375 ([@B12]) and miR-132/miR-212 ([@B44]). Meanwhile, other differentially expressed miRNAs in diabetes contribute to the β-cell dysfunction ([@B20]), including miR-130a/b and miR-152 ([@B38]). This is also true for miR-7 ([@B39]), miR-204 ([@B45]), and miR-200c ([@B33]).

Recent focus in the field has been to identify islet cell type--specific or enriched miRNAs, e.g., with function in β-cells and subsequent validation in insulin-secreting cell lines or primary single β-cells. Only few studies have focused on α-cell--specific miRNAs. Two studies using sorted human α- and β-cells detected very few α-cell--specific miRNAs ([@B16],[@B46]). In a more recent work, the α- and β-cell miRNA expression profiles between high-fat diet--fed obese hyperglycemic mice and low-fat diet--fed controls were compared ([@B47]), wherein miR-132 was identified to be highly differentially expressed in the α-cells between the two groups. Since glucagon secretion is also impaired in T2D and there is a potential for α-cell to β-cell transdifferentiation ([@B48]), understanding the role of miRNAs in α-cell biology is of great interest. One of the difficulties facing this area of research is the lack of a satisfactory α-cell line model.

Future Challenges and Opportunities in miRNA Research {#s4}
=====================================================

Today we have good knowledge of a small group of miRNAs that show up in several studies to be either islet abundant (e.g., miR-375, miR-200 family, miR-127) or differentially expressed in islets in T2D (e.g., miR-7, miR-184, miR-187, miR-132/212, miR-130a/b, and miR-152). Still, current knowledge about islet miRNAs is limited, and there are enormous challenges and opportunities in miRNA research. For instance, one of the limitations of current findings is that most of the knowledge we have on miRNAs and their targets is from highly abundant pancreatic islet cell miRNAs ([@B14]). Meanwhile, even low/moderately expressed miRNAs are also perturbed in diabetes ([@B19],[@B38],[@B44]). However, investigating individual effects of such less expressed miRNAs is expected to generate marginal phenotypes with small effect size. To circumnavigate this, a combinatorial approach in manipulating the levels of multiple differentially expressed miRNAs could provide a key in truly understanding the impact of low/moderately expressed miRNAs in islet cell pathophysiology. Finally, there are great possibilities for clinical utilization of miRNAs in therapeutics and as biomarkers, but this also comes with a few challenges.

Below we exemplify four areas of interest for future islet miRNA research (also summarized in [Fig. 1](#F1){ref-type="fig"}): *1*) transcriptional regulation of miRNA expression, *2*) nonconservation of miRNA families and variable targeting, *3*) the complexity of miRNA--mRNA interaction network, and *4*) use of miRNAs as therapeutic tools in diabetes treatment.

Transcriptional Regulation of miRNAs {#s5}
------------------------------------

Several islet studies have shown different environmental stimuli that can regulate miRNA expression such as glucose ([@B18],[@B45],[@B49]), fatty acids ([@B44]), and cytokines ([@B50]--[@B52]) via islet-specific transcription factors. Many intronic miRNAs are coregulated with their host coding genes. However, most miRNAs are under independent transcriptional control of specific transcription factors. Currently, a few detailed analyses of signaling pathways involved in miRNA transcriptional regulation in islets have been done. For miR-132/miR-212 cluster, we and others demonstrated that its transcriptional regulation is dependent on the presence of cAMP and is a PKA-dependent process involving the transcriptional coregulator CRTC1 together with CREB ([@B53],[@B54]), as well as the novel transcription factor CAMTA1 ([@B55]). For other miRNAs, it has, e.g., been shown that miR-204 expression is increased through glucose-mediated regulation of thioredoxin-interacting protein (TXNIP) ([@B45]), while miR-184 expression is reduced through glucose-regulated changes in AMPK activity ([@B49]). Moreover, the transcription factor NeuroD1 cooperates with Pdx1 to regulate the transcription of miR-375 ([@B56]). Understanding detailed transcriptional regulation mechanisms of miRNAs is central for deeper understanding of their roles in diabetes development.

Another aspect is how miRNA expression can be regulated by changes in the epigenome and expression of other noncoding RNAs. The finding that several miRNA genes present in the DLK1-MEG3 cluster are highly methylated in T2D ([@B16]) suggests epigenetic regulation of miRNA expression. Moreover, differential DNA methylation between sexes is associated with differential expression of miR-660 and miR-532 ([@B57]). Other types of noncoding RNAs have also been suggested to regulate miRNA expression. There is initial evidence that long noncoding RNA H19 might repress let-7 ([@B58]) and that the circular RNAs ciRS7 and circHIPK3 can sequester miR-7 ([@B59],[@B60]). The mathematical integration of posttranscriptional networks (containing gene expression data, expression of noncoding RNAs including miRNAs and epigenetic data) will be one of the future challenges, but also an opportunity for a better understanding of the complex regulation of the pancreatic islet cells. However, a comprehensive and accurate understanding of biological processes may only be attained by careful validation using traditional molecular biology tools.

Nonconservation of miRNA Families and Variable Targeting {#s6}
--------------------------------------------------------

The miRNA families, just like any genetic element, arose from evolutionary processes over long timescales. Remarkably, while strong purifying selection associated with their regulatory roles resulted in gain of new functional miRNAs, their loss in different genomes has also been shown to be frequent ([@B61]). This heterogeneity in rates of miRNA evolution across phyla resulted in species specificity of many miRNA families. Indeed, comparing the well-characterized genomes of humans and mice, there are more than 600 mature miRNAs that can only be found in humans ([@B1]). An interesting example of a human-specific miRNA is miR-941, which was shown to be highly expressed in pluripotent stem cells and is involved in brain development and function ([@B62]). Characterization of regulatory functions of the nonconserved human-specific miRNAs in mouse and rat diabetes models is a challenge, similar to hurdles posed by primate-specific long noncoding RNAs in islet research ([@B63]). Another challenge comes from the nature of miRNA--target interactions in which variable targeting can arise from differences in 3′ UTR sequences of the same gene target in different organisms ([@B64]). Although most mammalian mRNAs are conserved miRNA targets ([@B65]), it was estimated that ∼50% of the predicted miRNA target sites in humans are not conserved in other organisms ([@B66]). In one large-scale study, many experimentally determined noncanonical and nonconserved sites were identified for a number of miRNAs including let-7c, miR-103, miR-106b, miR-141, miR-15a, miR-16, miR-17-5p, miR-192, miR-20, miR-200a, and miR-215 ([@B67]). In human and chicken primary chondrocytes, a significant number of nonconserved targets of miR-140 were identified using mRNA expression profiles after manipulation of miR-140 levels ([@B68]). Even in closely related species such as rats and mice, the highly enriched β-cell miR-375 modulates voltage-gated sodium channels differently resulting in variable shifts in steady‐state inactivation properties of the channel ([@B27]).

Complexity of miRNA--mRNA Interaction Network {#s7}
---------------------------------------------

The development of mathematics moving into life science comes with many possibilities to fully dissect complex cellular networks. miRNAs have been suggested to act as rheostats in biological systems ([@B21]), making them ideal entities in computational modeling for better understanding of their roles. The fact that a single miRNA may have many different targets and that a single mRNA may be targeted by multiple miRNAs means a complex regulatory network of miRNA--mRNA interactions. Remarkably, miRNAs are known to target multiple genes belonging to the same biological pathway ([@B69]). In our own pathway analysis of collective targets of the 10 upregulated miRNAs in the islets of GK rats ([@B18]), we found that Gene Ontology (GO) terms clustered as "transport and secretory related genes" were enriched ([Fig. 2](#F2){ref-type="fig"}). However, we also found other enriched biological processes, each of which has its own unique set of miRNA--mRNA interaction networks. Consequently, the complexity of miRNA-mediated regulation of insulin secretion starts to emerge.

In the future we need more of these networks in which we can also integrate genetic and epigenetic factors. This is a mathematical challenge encompassing a huge number of coregulatory processes, but with novel bioinformatics approaches there are great possibilities to solve this problem. However, one must always consider the quality of input data required in such endeavors, lest one only succumbs to the most common pitfall of "big" data analytics: "garbage in, garbage out." For instance, the miRNA seed sequence is very short, giving rise to a high number of predicted false-positive targets, emphasizing why biological validation of targets is necessary for accurate network models.

miRNAs as Therapeutic Tools in Diabetes Treatment {#s8}
-------------------------------------------------

Due to the fact that miRNAs can impact insulin secretion through multiple cellular pathways, they also hold promise to become excellent therapeutic targets. Currently several candidates are in phase 1 and phase 2 clinical trials, e.g., a locked nucleic acid (LNA)-based drug to inhibit miR-92 has potential in wound healing ([@B70]). In attempts to treat T2D, studies in animal models have used strategies that could be potentially translated to humans ([@B71]--[@B73]). Different approaches to silence the miRNAs using chemically modified antagomirs have been employed in these studies. LNA molecules with modified backbones are more stable in blood ([@B74]), which might be the most favorable for future studies. However, like any drug-development strategies, a huge challenge is tissue-specific delivery of these RNA-based therapeutics. In our work, systemic injection of antagomir-132 resulted in its delivery in the pancreatic islets resulting in reduced miR-132 levels and subsequent glycemic improvement in the mice ([@B72]). Although a promising "proof-of-concept" work in the field, specific delivery into the relevant cells/tissue of RNA-based drugs is highly desired. Another great opportunity utilizing miRNAs as drug targets is the simple base-pairing mechanism of miRNA-mediated regulation, which allows for designing sequences tailored for specific gene variants. With that said, there are still many challenges with RNA-based inhibitors of miRNAs. Current complications with specificity and off-target effects, sensitivity of inhibitors, innate immune responses, and the exact tissue/cell delivery require further development of antagomirs before use. However, the concept of using miRNA inhibition offers a novel approach in personalized diagnostic and treatment strategies in diabetes and associated complications.

Concluding Remarks {#s9}
==================

We hope this Perspective will help put renewed focus on miRNAs in islet research and the possibility of using miRNA antagomirs in treatment of T2D. We wanted to highlight some of the challenges and opportunities that miRNA research in islets, and in general, will be facing in the coming years. During the 15 years since the first discovery of an islet-enriched miRNA, an immense amount of data and knowledge have been gathered. Let us hope for a new prosperous miRNA period, keeping in mind that we are also moving into the era of personalized medicine.

This article is part of a special article collection available at <https://diabetes.diabetesjournals.org/collection/small-noncoding-RNAs-in-diabetes>.
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